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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve light emission intensity of a 
light-emitting device by forming, on a first semiconductor layer formed 
at a first crystal growth temperature, a second semiconductor layer at 
the same temperature or a lower growth temperature, and then forming 
a third semiconductor layer at a growth temperature higher than the 
first crystal growth temperature. 

SOLUTION: A substrate 1 on which a buffer layer 2, an underlying layer 
3 and an n-type contact layer 4 are formed is held at a single crystal 
growth temperature, thus growing an InGaN active layer 5 doped with 
single crystal Si and Zn on the n-type contact layer 4. Then, the 
substrate 1 is held at the same temperature as the growth temperature 
of the active layer 5 or a lower temperature, thus growing a single 
crystal GaN gap layer 6 on the InGaN active layer 5. After that, the 
substrate 1 is held at a temperature higher than the foregoing single 
crystal growth temperature, thus growing a p-type AIGaN clad layer 7 
doped with single crystal Mg on the GaN gap layer 6. Then, the 
substrate 1 is held at the same temperature, thus growing a p-type GaN 
contact layer 8 doped with single crystal Mg on the p-type clad layer 7. 




5. 



-7. 



-J 



LEGAL STATUS 

[Date of request for examination] 12.10.2000 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application 
converted registration] 

[Date of final disposal for application] BEST AVAILABLE COPY 

[Patent number] 3448450 
[Date of registration] 04.07.2003 



http://www1 9.ipdl.ncipi.go.jp/PA1 /result/detail/main/wAAA5FaibBDA41 001 2923P1 .htm 



2005/04/1 1 



Searching PAJ 



2/2 v 



[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www19.ipdLncipi.gojp/PA1/result/detail/main/wAAA5FaibBDA410012923P1.htm 



2005/04/1 1 



<M>B*WWK* (JP) 02) S H ^ It ^ S (A) (lDfcmiiBl&ISS^ 

#^¥10- 12923 

(43) 'AWm ¥£10^ (1998) 18163 



(51) IntCl. 6 
HOIL 33/00 
HOIS 3/18 




fi swa^tsm 

HOIL 33/00 C 
HOIS 3/18 

ssts* *ir* mxmws&i ol (^ n m 


(21)tHH## 


ftH¥9-55221 


(71)fflSA 


000001889 










(22)ffi8B 


Jflfi 9 ^ (1997) 3 H 10 H 




^EJ&sfPi^E*ffi 2TB 5 # 5 






(TOMB* 


MM 3tfe 


(31)«Jfe»*«S# 


WKW- 107833 




*Rtfr<*Prfj]fcR*a2TB5#5# = 


(32)«5fcB 


¥8 (1996) 4 £26 B 






(33)«5felfciM 


B# (JP) 


(72)383IJ# 


i^sp mm 






















(72)3gW# 


-hea mm 






















(74)ttSA 


ms, »a 










(54) B8i««)«S5] 









(57) 9 
[MB] Sfv^MaSSSr*^'55l3t3ff^*J<tt^ewK. 

«fl**^<w»&*aiStti» 5 1 . mam 5 ±{tf&£ 




BEST AVAILABLE COPY 



I 

St. 

SB 3 ©fifcftiigTfll&ate fife* 3 W^mi*® k &ffiz-1t 

im#m2] fmmin^mm^^^^^ts io 
iif*53] i mmm^t^^mm^^^m i 

msmmumtm^mm^b * 9 , 20 

HulSm 2 co* 7 y Kllttjg 2 i^coi{b«)^P> 
[flM(9 5 ] mrlEfS 1 (7)* 7 y Witt* 1 mtsm<r>n 

I -Vj»flS*»i|s«fl:d»6ftO, 

flWBjswtitttiii - vmmm^^mm^h ta 0 , 

«co$§3t*^. 30 
lfg*S6] iifflE?£f3-Jitt I nGaNWiSri:?: 

mib-ti>m^3. 4£fctt5fE*OTSBt3$H L „ 
[ff*S7 ] miE^Y y^lliA l u G a !_u N*>?> 

ffllE^ 2 <J>? 7 y KSttfg 2 ^mMcDA 1 z Ga h N 

SufE* -r y T^CDA 1 ifclj&Jt u 2<Di^7yYM 
VAimffitz X<0 t>'h£^Z.k*¥mk'fZ>n*m3 

[tt*«8] HfJfE^-y5/^iGaN^e»4-5ri:«r 40 

[IMPS. 9 ] ftfFffi*. Y y T'gtt, itfTfEfi^yf <fc 9 fc* 

i SrWtif *«MW 3 ~ 9 ro^-fn^^|Em^>t* 
»2(0^7'/ Wgro^&^iOfctev^ irfc^i 50 



10-12923 

2 

-T -SISjH:^ 3 ~ l 0 <r>\ ^MiAz.W&<r>&3m=f-<> 

m^m. 12] mfta^f * y :/j§i±t v K-^g-cfo^ 

r tSr#mi:-rSti*JS3~ 1 1 ©v-f*u6^|E*«05S 

[fS*Sl 3] fflfB*^y:7' > Jiroff£tt»5tf 2 0 OA 
£Lk»»3:4 0 0 AfilTT-fo-Sr ir^^mii-SIS^JSS 
~1 2OV^-f*v*Mcttit«>3BJt*^ 0 

i4] mi <n^frm*w&fm^i&tm 1 

wie* i «>i|sa«*»-hKijis 2 (D^m^m^mmm 1 z»£ 
«fflAt ia»sra ca^ fctei&i/ %)g 2 w^ftjitf-eSttB^ 

J; <9 Mffct 2>m 2 (DIM k s 

mmm 2 <D*mwm±.\m 3 <d#^^s ^BfriE» 1 nj& 

tftfrzm 3 ©IS t Sr-gtf r. fc SrW»t-TSi|6»«g»KF- 
»»» 

9. 

[»^i7] tmmimmn -vtm^m^m 

ir^^ir-TS^JSl 5*fc»il 6|B*co^7t^W 

zwrnk-tzm^m 1 5 , 1 6 imi 7iE®o%3t5H •. 

[ffi*^ 19] illB^-^ y ^gttG a NStfcliA 1 G 
aN*»e>*Sri&W»i-r5IS*Kl 5~1 8<DVvf 

[IS*^20] miia d S i ^y^ , S^7 0 O'CKlJEg 5 0 

5~ l g^v^-fn^lB^to^Tt^^ife^ife,, 
r £ i -T •£ f§#*g 1 5 ~ 2 0 <7)V >-f tt/i^iclEmco 
[|§*«2 2 ] «Ma*-y y^«SrlWn05H*«©«ea 

m k mz*$ ^«aarr?jKfiW-« r t t -r -sit 
*«i 5~2 iwv^i*n*»tee«ro«yHi^f-«5«it* 

2 3 ] MIES^J±. I n G a Nfi^-#FS 
t G a NfTNSI^^&ftStMFIGI&t 
tfflEG a Nft-^K^g§r 7 0 0t:W±9 5 O'CWT^ 



(3) 

3 

&m.xwtm-z> r t itmsib-rzmjm 15-22© 
2 4 1 ss#js 3 ~ 1 3 <r>\,^rm^zsffi.<o& 

[00 0 1] 

[»W SIIWWP] #3591 tt, 3§3t 

[0 0 0 2] 10 

V6&£<V&ffl GaN, AlGaN. InGaNifttt 
I n A 1 G a N^WIII - V09feflSlHMN»fM»&«a 

ggg^t- <fc o-CJ83iat«©*:# v ^iww»e>«^nw*©» 

[ 0 0 0 3 1 m 8 tiw&om - vmm&ai&tmm* 

[00 04] E8(-*5V>T, t7r^ftSfil 0 1± 

GaN^y77il0 2, nl^ 9 y KJB"Ct>£>£ 
nlGaN3y?^hfl0 3, InGaNfittflO 20 
4, pSA 1 GaN^-7? KJgl 0 5*5 <fctfp5iG a N 
^$>? Ym\ 0 6^)li(C^$tl.-rv>5, plGaN 
h^l 0 6Ji^pffiiJ^l 0 7«$jV n 
iGa H^l/f P MlO 3±i^nffl!l®ffil 08^fig 

[0005] ^ffmyty-i*— b'<r*&mt. mm t 
mti\zm?j&&i^^*m&m<ti¥imi£&m (mo 

CVDS) lci»)^*$n-5 0 
[00 06] 

[*1] 30 





mm. to 




600 




1150 


mm 104 


8 60 


0 5 


1 150 




1150 



40 



[0 0 0 7] 

W)t¥^ KtOKit^tCfi x p %HA 1 G a N * 5 h* 
Jfl0 5li, I n G a N?2ft4J§ 10 4 _hldij$^t4S < rft 50 



»ffl¥l 0-12923 

4 

Ai--5J;5I-, I nGaNSttil 0 4 (DJ&^ig^ J; <? 
AlGaN^77KilO 5CDJ&6&&C: I n G a N?gtt 

s i o 4^fb i n*»«riS7SlsasjB»*-a. rttfc«t 

0 , P®A lGaN^77KHO 5(75^j5g^{^ I 
n G a litems 1 0 4 rottattaW&flTTS. - fc>*&&» 

[0008] awn, nsv^Biaiasr^rs* 

[0 0 0 9] 

[^a^SI*:-rS7t«)^^*5<tO^|B7l<7?^] IB 1 <r> 

&x^m^tiftm i <o*m$m t. mi <n*m&m ±k 

% 1 <ntfm.M&k CitefefclHSV^ 2 coj&g^&g 

3 k SHi^fcfcOT? *>«. 

[0 0 10] *5SWfc«*i«|C#* ; f-K*5V'«-Ctt» Ml 

©.i|si»fl«±tc* i o**fm«>j£fta& & t»£n 

<OT?. ^2 ©¥««:S±{C^3 <7?^(*«^ 1 0>W 

mi <D*mfrmfr bmf&Ttm&wm-z r 

[ooii] Ii ^ifti^y^^A^ftJ: 

[0O12]«2 roJSWKlRSfBlHK^tt, 3& 1 mmM 

frhtcz^-r-yT'mk, m2mmm<Di\^m^mm^h 
45i2©77 7 vm k * r. 0>mfcma.fc t 

[00 13] ^BJJC#S^3t^iC*5V^Ttt, 
«JHMCS^:# < -T 3 i t -5. . ' i 

[ooi4\mi<r>?7v m\*m 1 mmm^mm^ 

\-tmzmmm<omm%^mm-ht^ 
[ooi5] mitmimmsKoin -v 

*i|6S«*36»e>'S:9» ^•^j'T'siiiii -vaawbueR* 
»»a»6»**>, m2<r>?9yb*mtt.m2&mM<Diu - 

[00 16] ffittgjin nGa Njgd»6>*oTfc«tV\ 



5 

imibhZo ^-ry^fflliA 1 G a Nf^^ottJ; 

[0 0 17] ^J'T'KiAlu Gai- U N*>5>*9, 
KS«M2^flS<73Al z Ga H N^P, 

y KJi^A 1 fflj&it z SR 

i <d? 7 v mix wm&w <o & g a na>p> * 

[0 0 18] «rlc, af^yT'ScOAliffliSJtu^SfS 
0. l«TT-fc5it^$f^LV\ ^-rs'T'S^GaN 

7m&mtr*^himm$tt« .seta* 
srirarfc** < -r s r t 

[0 0 19] **y7m\X ffittgiOU^ft^K 
[0 0 2 0] ^^.y^gJi, ffittlli:3B2©*9 

So 

[00 2 1] *^ry7Ti«>^|«fc«ftHu S2»^77 

[0 0 2 2] ^f-Vix^HdSTVK— T'iffeS: 

[0 0 2 3] =¥^^^<OJ¥^fil5foC2 0 0AeJ.Ji»J(oe 
4 0 0 A£TFT-fcS r £ * lv>„ rtuci «3\ »3t 

[0024)Il©^75- KJitt, ^^*fct4i^ft: 
^k&S&^g-kJCA l x Gai_ x As 5/7 7 

xi±0ot»)^:#< lfiiTffos; tas»*uv\ 
oto, ■ stages oasiaurrs. 

[00 25] '<v7TM<DAimffitxfcO. 4 

**0..4£U:0. 6 J^T2* U/\, iftfcj; 

9. Mit^WJ^^^t-lfiJ-b-rSo 
[00 26] ^3¥*^. /^7rli:f 1^72/ K 
StcoffllcAly Gai_ y N^*STi<6liSr$e>^« 

So 

[0027]f3 o^lcffiS^ti^rofiifeftt; 



(4) iftlPI¥l 0- 1 2 9 2 3 

6 

«fc «j jfm-t s xe t , jg 1 <D¥m&m jbc 

v * jb 2 <&**Hare**&*ftifefc: «t 9 marts* 2 ox 
a i: . m 2 co#jiift:g _ti£sg 3 ro^^e 1 

[0028] ^©ftSSSfcilltf, SB 1 
JiXfcfg 2 co^jgfrjf a«g 1 <o¥2*ftS0j£5&A£f9: 

10 iierac*»**ii±fiv^«ait-ffl!W6**t*©T?, £20 

So Lfc^soT, mi<D^#m<r>&&m<r>£{£t>im± 
[0029] 14 cD&miz.mz&%:m*<Dmmrmx 

20 ^Jb&S^r-y j/^I*»ti*fii6K:J: >?^J&rSXg<t 
[0030] *^WtC#^Mifefri£^ <fc*U4\ J&ttJgJ: 

< 1-S r fc^iT-t So 
[003 1] ^P^roffi^frfttt, df^v y 7Ti±KiStt 

<b * S 9 °7 y VM 1tWfel&&8k\z. i "? fl^^t" 
30 SXgSr^?>(^A/-etJ;VNo 

[0032] mm\-mim%^mw-^htj: <o , y 

[0033] «ttSttIII - vm&4W>&¥m#frht!i 

W^ftoTfc^.^, SttS^I nGaNlH ' 

40 [0034] ^s/T/JifiA 1„ Gai-u N^bjfe9.' 
^7y Kgli— m&Sl<DA 1 z G a N/5>?>^ 9 , * 
•V y T-S^A .1 ifiiriiJt u {4^ 7 y K^(7)A 1 *§J*tt z ot 
9 t/J^V^^£*S^ff^L^^o 

[0 0 3 5] **yyi§<OA 1 Sfififettu^ifS 

0. ltlT-CfeSr£^jfibi/\ if-y i'T'S^G a N 

^GaNil>6^^ScOT% SttJia^-Ov?^ A^K>« 

< i~S r. bi*VZ S„ 
50 [0036] *w7m&T^ K— T'g-efoS C 



7 

-HHzmtT 6 r £ asx-£ 5„ 
[0 0 3 7] ^•yT'SwJ^iiiS^O 0AtLB^^3• 
400AWT-e;^b3;:£as^J;i:L^\ 1 rtuc <t 9. 3§7t 
S£g£SP»fc*£ < -f 5 r £ tf^mt ft£. 

[0038] ^r^sstf^eojsaaaiiaaasic 
j&gag-e^-ra r £ a*# s lv\ r <nm&. mkm 

[oo3 9] **v-?m<»immm^ fmm&m&& 

tt 7 0 O'CWJ: 9 5 O'CZTFXhZ r bv\ 
W7m<01$&mmt 7 O 01C£JUi9 5 

[ 0 0 4 0 ] St±SJ±, InGaNif#FiiGaN 

m^-mmrn t frbttzmrFXFmmtt u Ga n*^ 

Hli^7 0 0t£lt9 5 o^Tcoj&gfi^-eStfB/& 
ftjSBcJ:OJR)*f«itaW*bV\ -i©»^ v InG 

'MV^InGaN^fflV^Ttit\ 

[004 1] 3Bfc^eo*3ft#8c#v 01 

<^t^¥S«fca»e>ft.5|g l ro^ 5 KJitrMBAIBb 

£±9 zest, fmm±izffim&mai$.&-si 

£ , * * y^»±lcJgttBaJft*Bri»BriBftjH«± 9 t 

[0 0 4 2 ]. M l <D? 7 y KJgttM l ^mSLo^VfoZ* 

tt» 2 ftoT t> X V \ 

[0043]Il©^7y KJgHSg 1 mmm<mil - V 

m*mm*hti:*), **nyymmn -vmmm&* 
vmmm^^mm^h ft or t> x v >. 

[0044] g*£_kl^ 3d*J&&0>III - VK*fltflfc5R 

¥^fta^ft3^7x/§:fcJ:tfT>'K— :/<diii -v 

imxeftm *mm* <b ft a & rtm *• r. <omxr^ 



(5) 4$B3¥l 0- 1 2 9 2 3 

8 

M2^77 KJe&$b&j&£&'g-<& r £ as# * Lv\ 
77rlttAl GaNa>6ft8ri:WtU\ 
^V77i^Al Na>e>ftoTt><fcv\ TifigliGaN 
a»£>ftSr £asjf*L<, 1 GaNtf^fto 

(00451 ^5 ©38Wfc«* fTN$3f ii. » 2 

io ¥fmmii>ifa±.-rz. 

[0046] 

it s in - vtjat( t*»^«ra>e> ft s mitr* k 

[0 0 4 7] Bifce^T, -T-^r-f-^ffiiB^Kii 

mmi 1 0A©7yK- 7"»A1 X G ai _ x N (x 
= 0. 5) '<y7ri2 > mmo. 2pm<07yK-y 
»GaNTifia3, Il4Mm(OnS^77 Kl^fffl 
■TSS i K-7©nlGaN3y^^ hg4. fciUfZ 
20 n*3J:tfS i ^ K— ^^^fcgffO. 2^0111, G 

ai- Q n (q=o. 05) mtemsimmz&f&&tiT^ 

Z> a I n G a N«t±g 5 ±(Cfi, 5 coMel^ 

<b§rl55lH-rseJf:2 0 0 A©7 > K— T'WG a N=¥-^ y 
-7M 6 % M g ifi K — 7" $ fctzMW- 0 . 15^m»pSA 
1 2 G a !_ z N (z = 0. 2) ^5?KI7, *5,tt^M 
g a s K — 7° ^ \\>tzMW- 0 . 3jimOpSGaN^y^^ 

[0 0 4 8] pSGaN=>i>^^ H8'i>¥>nlG'aN 

30 ^ niGa Nn^^ 4 a^Sai LTV>5o pSG 

aN3>^^ us (D±m\cA ua^e>ft ^ p ^s-n 9 as 

fiSi^fig««J:{CA.ia»Pj : ftS-nW®ffil oas^^tvT" 

v^5 0 - v - ■•■ . :■• ; 

[0049] _his^5i7t^'f *^ mmm^m^mm-t 

[0050] *f , *tt^ft^*siirticis 

. t, ^rt y 7^^ t feH^^iosNr; t l 

XT >-*=.T; hi)* f-frif)) v- & l (TMG) *J it^ S 
^*^S»T ^ K-T'WA 1 G a N^<-> 7rf2 

[0051] mm i &w&&immm, »* u 
<»iiooo~i 2oot:, ^i^tfi 1 sccw^iig. 

S{-f*^U7t^{^LT, 3f-V U T3fZ> b LTH2 J3«t 
t^N 2 . H^-7yx £ LT7y*-7fcJ;t; MJ y ^u^tf 
50 y;?A (TMG) Srfflvvc, /<y7ri2i:ic*Mw 



9 

T ^ K — ~7(DG a NTifeJf 3 Srj?gg£ii>5 0 

[ o o 5 2 ] m^x, mm 1 »* u 

< 13:1 0 0 0— 1 200U «x.ffl 1 50t(OSfia 

A (TMG) x K-^h^itTS iH 4 

T\ T*B3±fc*Hra0>S i K^niGaN^y 

[00 5 3]»fc Sffil^S B ^m #£b< 
fit 7 0 0-9 5 Or. 0Sx.tf 8 6 O^CD^^^^ 10 
bfcKlBMbT* ^limtLTH 2 *5J;tFN 2 . 
W^^Ltry^r, hv^/uxyzj* (te 

G) , hy^f/K^^A (TMI) . Fs^hJI 
*£bTS iH 4 :J3J;tf$*E i ?vuffi#& (DEZ) &rfflv^ 

— ^co I n G a N?£ttg 5 Sr^S*ii:S 0 
[0 0 5 4] 3l#«v^T, »KlSrffii4»5^SSS. 

y (TMG) SrfflV^T. I nGaNffittf5±M 

N^rt^leSrM^o hy^Aotfy *a (t 

MG) (Oftb9fchy^/^y 1>A (TEG) ^fflv^ 

[00 5 5] teogL" mm 1 Sr4M$A^cfiSA. »* b 
<lil 000-1 20 Ot:, #d;tfcf 1 1 5 O^CO^S 
Si-^b^^bT, ^r-v y TJf^b LTH 2 

cfn 2 ; « pf^ttxry^7 % hy^^vi^y * 

A (TMG) ioitfhy ^/UT^ (TM 30 

A).,.Kw<y^iLtC.p 2 Mg {%/$x2s<^$ . 

SrJflv.vf; G a N*W?M 6 
±i-¥ei(OM g K-^co pSA l.GaN^7*y.Kl7" 

[0 0 5 6] Jfcfc % »*L< 
fi 100 0— 120 Ot, M±t£ 115 orco^fiaft 

n 2 . IS^^^ i LT^*sr *5 J: u< h y ^ y 

!>A : ;(TMG); :, >V i LTC p 2 . Mg (v- 
^o^v^sfcn^yi/^^^A) £r/Hvvt\ pl^7 40 
y Kl7l(:m 0 H (PMg .K^pSGaN3^^ 

[00 57] Jiiaft6fifcS«. a6Sl*±«a»^IR 

e^^-esrsic^^tf:— Ax^f^ft (r i e 

fe) ^^^^BfofebT. nln^^ hJi4 2* 

[0 0 5 8] *LT, pSny^^ hJS8^J:t^pM^ 
9 y KJB 7 cd K-^>- b Zm&k bTS53f ^ y T«£{c: 
TZkbhlz. ni^y^^ bm4<n^y^i/if\z.&z> 50 



WiS^l 0- 1 2 9 2 3 

10 

S B B H ^^H]«-r^fc*!)(^ ftftstaftf. 7 5 0<c- 

8 0 0^3 0-6 0$HWBH«:?t5. 
[0 0 5 9] ^(7)^ pl=>y^^M8±^Au^ 

^n^^^ bm4<D±&nWmmZ&mMLk\ZAlfrt> 
ft 3 nffiSSffil 0 8^*86*1^^ OJgfifcbfclk 5 0 0 
^TfV*af3SLTp«aS1g9*5j;t^nffl!lSffil OSr^V? 
*LpS=i:x** Hl8*5<fct*ngt=*>'** Mi 4 Id;*-— 

[0 0 6 0] ^<r>mt?4*— Kfi± % InGaNgfti 
5 MTV K— ^COG aN^rf 5/^16 JWBttL-OBl** 
tbfc#fifeS:^r-fS(0-e. I n G a NSt^ 5 GD^/tSc^ 

[006 1] _hfeffit±S 5tt*fcft*|fea^ft^eD 

[0 0 6 2] *»GaN^^|6 

ti> K-^y h StfSflrr* r. 4: ft < JKrt £*b£Bf ■ 

liT ^ K— >^-e*>a.0>T? % - I n G a Ngffii 5 ^(D^ 

[0 0 6 3] rooj:5(^ ^Hife^J^*^, ffittfs^ 

tmm b^c r ^ id J: 5St4S 5 — ^^FM^^fe^Wiffl^j 
^^/fe^TyK-yiT^srtia^ 

[0 0 6 4] Lfc365oTr*ir5>^Jl6^ftV^^i* 
^:#<ft^o ; 

[006 5] 4*»C *3aK^J^«3t^ y>r— VtoVS&fr. 

I n G a N?Stt^ 5 (D^ffiWJilCT^ K— ~7<DG 
a ^ 6 £'I n G a NS+4g 5 <Df$MMM^T ' 

(DMA, *$m&frt?\Z8 6 0X:Xj&g:£l£Z,<DX\ ^<D,, 

y-?m 6 &&ifctz>mz.: i h g a Nimim 5<om 

^ bfcmt-.I n G a Nj?H4S.5 ^?>(7>«^7C*^JKM^ 
P51kX% ^ 0 bfc^SoT. *^«<0*3ft*&tt»* b 

[006 6] Wfc, *l6SS«reW:, I n G a NSttg 5 
^^t/G a N^r^r y 6 <Otft&MBt&\2im Ckl^X 
r.tb?>S:JljBia«rt^S'**S<OT?. I n G a Nfl&ttJi 5 

[006 7] ft*b\ ±Jteftt GaN*Y^»6(OJl 
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0 OAi Lfcirtte, *Y:/:/Jf 6#ft^S&£-J:«m* 
#</\S*, S8tt&«;S s 3 6 0#<D1 
ifcofc. G a N^f-V 6 K>Sff$r 3 0 0 A 

1 Ufc i # [±. 2 0 0 A<75 i: # tctfc-i-C IgftSStgri* 
1. 4fflFir&»K GaN^t y~7M5V>MW-&4 0 0 A 
tLfciJtt^ 200AtLfct^©0. 8f&£fto 

[0068] rtort^f). GaN^f^f 6©1I 10 
&2 0 0~4 0 0 Aroi^tc^H/^m^ib^,, 

[0069] £ *mrnmx'te. mi 1 ±\m^ 

[00 70] ft*5, #*|£&0V< ^77l2tLTGa 20 

\>\ ~7~y v—-f<DW^Tvm 3 tm%-&&ttxm\,^ 

.&4>?)AlNlS:ffl^5Jt^L<, AlGaNf 

[00 7 1] A>lGa Nf©A 1 ^Jt^xT^ffi^ 

S'teLfco fErWfi'J^m^^JC^-r. 30 
[0 0 7 2] 
U£2] 
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[007 31 *2 C0S*^e>s A 1 G a NfOA 1 
JfcteO. 4W±T1 J:^/h^V>rt^»*L< > 0. 4 

[0074] T ^ ^-^(Dmft&Ttm 3 i LT 

[0 0 7 5] ^^<7>M2COjUfe0iJ^{t^III 

[0076] <D-0mmkm%:z<Dn, * 

0 0 A(DT 1/ Y—~7<DK l u G a i-^ Njf £JB Wc/fTC 

x n h^^mm. ^mmmx^s e y 

Tlf^b LTfiH 2 *5<i:tfN 2 v .BS^t LtiiTy 
^-7\ hy^/i^y^A (TMG) 3o£T^hy/^ 
(TMA) £rfflV^ 0 hy^^/U^y^ 
A (TMG) <Dftt>*)\C bV^/l-jf}) (TEG) 

[0077] ^mm^mt?^*- KM*5V>T * 

[0 0 7 8] b*>Lft*se>. »lWW|[»n?I)|2 0 0 

WtAm/Situ^o. i^M7y>vy©Ai u -. 

#£TFG>1 9 0 -(ffiftJWfc) -Cfcofco 

[0 0 7 9] ££>M. AHI^itu^O. 2Tfo67 
> K — ~f(DK 1 u G a !_ u N^^.yyi6S:fflV*i|^- 

T^o/Co • : 

[0080 ] . ±J&5*ib*^ ^JB 6 btG a N/i£ffl 
L<* Al u Ga lni NJlSHftffi-J-' 
5 »fr lc fc A 1 ffl^tt u 3flS| jff 0 1 ivh £ v vfrasff* 
LV^i^t>3a>a.>A l G.aNCIl 'A:UWJfciS*# 
v>^^^K=¥^^^^#< >S^o pl^7$/ VM'7<0 
A 1 JB^ttJi, IS 1 (Vm&MX'^tcXo K 0 V 2T*fe 

5/ ?m 6 (7)^<>- K^-r jy ~7\± vmtv y KJB 7 tfV<>- K 
[008 1] ftic, *«WeoJB3<oSafc«|cfeJt*III 
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[0082] *4ttM8*JB i <DnMmkmtzz<Dte. g 
[0083] i$mmmv>mt¥'< K-m. is i <om 

[00 84] ft*5. ±K*Safc«<Oj83t^ tf— Kf3 n 

4 ±fcfi»W 5 10 
^ nSny^^ Hi4iffi«*5t(DrafcnSAl G 

S 4 £?£t<y§ 5 2:<E>ffltC nSA lGaN^77 KJB*5 «fc 

[008 5] ±1E#**WT?tt* g«=]f 5 £ LT»^# 

ssrffl^xfe<tv\ m*.^ m&ms&i n s G ai _ s 

N (l>s>0) *^#FJ8^«b*-5*.— S^#F«i^ 
tLTt><t<, n s Gai_ s N (1 > s > 20 

0) 3nP#FS£ In r Ga!_ r N (l>s>r^0) 

[0086] I n s G a !- s N ( 1 > s > 0) *^#F 

G a Ntf Iglffi 7 0 OtEU: 9 5 0 1» 
T<Dm&m&'Vj&tftfr Z z t frtfr^ L < , g^#FJB*5 

[0087] ±B**»«o>5B3t^>f K"C 

fi, S i^^Z n^K-^^fcSttgSSrfflV^V^ 30 

[0 0 8 8] *55W^4^^SSM^*5ltSfflSr 
WBtt*»»^ 3 fc»v>TW!t«. ^ 

\Z S §J|»1 0 0-2 0 0 A^ryK-^A 1 Ga N 
2^jfJ50. 4^m(07yK-7 P (DGaN 
T*l 1 3 v Iff m© nSG a N3>^ 1 
4. 3$£TfS&0. 1 — 0.. 5jtxm(On^Al GaN^ 
v y KJf 1 5 36«|IHfcJgj**^TVvs o n ^A lGaN^ 40 
5^ Kjgl 5±fCtt N I riGaNfifflil 6, Mff2 0 
0 — 4 OOAWTy- K^G a N^rt^Il-7 v ^ 
•fctfBffO. 1 — 0. 5/im(DpSAlGaN^7^K 
M 1 8 3«W^#£;tbTV^a o 

[0089] plAlGaN^7rKI18±iai * 
£Mlcx hT-Y^^D^Sr^i-SJiffO. 2 — 0. 
3 Mmtf>n?BGaNSfcttn?HA 1 GaN^bWliS 

0. 1—0. 5Mm(DplGaN^^hi20W 50 
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[0 0 9 0] pSGaN3y?^M2 0±tpfliaS 
2l2^j££*U nlGaN3^^Ml4±i^nl 
Sl£2 2ri^/&£*bT^3o 

[009 1] ffittS 1 6 fc LTtt, #»^#Ftffi£/i fc 
ffl^TfcJX. fcaiMl*— «^#F«ifi)i**:r4*a[ 
*^#F*S:fflVNT*>J:u\ *S^#Ffl!a^S^®^ic 
14. JWSrO. 1-0. ZtimmmtTZo ¥~ 
F«^/itf>#£-(c:i;i, *^#FJlcogJf:§r l o — 5 0 A 
k U ^SS^-#F«^S^»^^f4 N fi^#F«Og 
M-^c 10 — 5 0 Air L x *T-P«^cogff l o-l 0 

0 A|£S£~r3 0 

[0 0 9 2] Z<D*m#:U~Vmtt. MOVCDS? 
co^^ft^ftffiSrfflv^T l HOiMrtJHc J: 9 fW* 
fr3 0 SKS^RHcifi, 7yK-^AlGaN^77r 
«1 2^*fflffiSr6 OO^t U r^hV^GaN 
Tifegl3. n$GaNn^^Mi4*5j;r;nSA 

lGaN^7^KIl 5 0>jftflMUE«:l.I 5 0<C£ U 

1 nGaN?£f±8l 6 *S £tfG a N^-r 1 7 
S»7 0 0-9 5 0UU P lAlGaN^7^ 

K118, nl^n 7 ^ii9^j:t;plGaN3 
>-*^ HB 2 0 <7>jfcgia££r 1 l'SOtttS. 

[0 0 9 3] *^«^4^»#l^1^(f^fc*5V^Tt; 

1 7 fc***v^^ft:u^*^fcJt:-<T« 

[0094] ^m<om 5 ^uss^j^^tt aB#f 

[0095] 04TO>t; ^^T^rmm&ms 1_L 

id N @jff 1 0 0 — 2 0 0 A<DT y-Kr^A 1 G a N->< 
^7rl3 2;IfO. 4MmW>'K-7 P (DGaNT 

3 3V H4/im(DnlGaN3^^ 3 4, 
*5«fct«BJ¥0-. 1-^0. SvimCOnMA 1 Ga Nf^7 
Kg 3 5 tfSMBtd^/ig £j}tT V ^ 6 0 n 1A 1 Ga N^7 
2/KS3 5±tel±, I nGaNf£ttJi3 6, 0 0 

— 4 00A(OT>-K— ^(7>GaN^^>^ji3 7. fci 
tfgffO. .1 — 0. 5 /i m^)pSAl Ga N/7^ KJB ■ 
3 8aWKJK**ttTW4 Q V I n-Ga NSi4Jg-3 

6 (OfflF^ iOSIli*4 OHJS^ll^ I n G a NfiSttB" 
l 6 ir(pl#-efea 0 : - ::-r" ? 

[00 9 6] pSAlGaN^7>K!38 tt^VmM ' 

p IA 1 G a 7 7- Ki 3 8 O y ^ ^S±(Clft 
SJ?0. l/xm^pSGaN^^pS^rtix/IS 
9^^^tVTV^ 0 pSA 1 GaN^7ix KJB 3 8 00 

3 9<DWffi\a^ mmo. 2—0. 3Mm^nSGaN 
ifcttnSAl G a N^feftSaSE^n 5/^/14 O^jg 
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oy^l4 0_L^te. MW-O. 1 — 0. 5/xm<7>pSG 

[00 97] plGaN^y^ Hi4 l_kl£i£pffl!]fl| 
ffi4 2^^^tt. nSGaN^^^M3 4_h(M 

[0 0 9 8] r<D^gft:w-- -WRTO, MOCVDfe^ 

Z>o m&<OS&\a^ 7y K— ^COA 1 G a N'<y7rS 
3 2<Df$Mmm&6 0 0X:i:U 7V K — "7(DG a NT 

nlGaN^^^M34*5j;^nlAl 
GaN^7^/ KJ13 5CD/&62&8&1 1 5 0<C£: U I 
n G a N«t^ 3 6 *5± XFT > K— :/<7)G a N^r -V ;/ :/ 
Jg3 7CD/&6^&7 0 0-9 5 0 < t:£U nlAlG 
aN^7^K!38, pl^t^i3 9, nM®Sfc:/ 

0*5«fct*pfflGaN=J>'** hg4 1 
2&K&1 1 5 0tit5 o 
[0 0 9 9] *«K«<D^fl:^--1f«^fc43V^*>. 

[0 10 0] JWc. **««co*6coiaS«^S3lt**lJ 

[oioi] H5.fc*3v^r.:^7r-<r«BaKE5 lJt 

10 0 — 200 A<DT^ K — ~7<DA 1 G a N'< 
ry^rSS 2. Si^O. 4 /i mW7y K — ~7<DG a NT 
ffi§5 3, ^/xm^nSGaN^^^ M54, 

1 — 0. 5/imWnlAlGaN^77 
KJ15 SsMBcjRrtSixTV^. 

[0102] niA lGaN^77Ki55 ±\C\± S I 
nGaNgt4§56, lf2 0 0 — 4 0 0 AcOT^ K— 
^GaN^^iS 7. gi50. 1-0. 5/imtf> 
p MA 1 GaN^7^ KJP 5 8 > $5£TfMf¥> 0 . 1 — 
0. 5/im(OplGaN3y^^ Hg5 94£NHK3lgriE$ 
fttV*. ft*5. I nGaN^tiSse^filig^octt^Ji 
)R4O^0laG-aN«tt|16.i:n«t«) 

[0 10 3] piGaNa^W M5 9±^l cp* 
h7^^0Hn«&*-f«S i0 2 . SiN^ 
fcttniG a N^fe.ftSSa^n J|6 OsWKfifcSift 
pSGaN^yf^ H5 9±|C|ip-«i?S6' 

[0 10 4] *HSS^^M^ft:t — • fjtmts MOCV 

£tt<5 0 fiHSoBSWi, T>- K — T/tf>A 1 G a N'<;y 7 
7i5 2^I^6 0 0ttU T>-K— ^WGa 
NT*&^53, nSGaN3^^M5 4j3±t;na 
AlGaN^7^Kg5 5 0>«*iMt«: 1 1 5 O'Ci 
U I n G a NS§t4Si 5 6^o izt/T^ K-^G a N^r 
^:/S5 7CD/&B^£7 0 0-9 5 0X;i:U pS 
AlGaN^75/ KS5 8*5<ttfpSGaNa^^ h 
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mS9<Df&g:1B&$:l 1 5 0X:tT^ o 

[0105] *$^M(oymfci^i?&tt&^Xi>* 

[0106] .hiss i ~m 6 co mmmxte. mmmm± 
\c^m^m^mx.t^^m^^xwm L,it*K 
Mr*, s i caK*^awB*K8^fciWfl«*{i^, 

10 [0107] ±5B"C«, nS^77 K»-hte:JH4 

£.XfinW?7vb*m&^<Dm*X1&j&LXhJ:<. ~fte 

t>*>, mi^&6<Dmmtt^x&mvmmm&mz. 

[0 10 8] JiBJBl— *6(OHJfi«-ett % 

mm-rzm&iz^xmmi,tii>K *»wr±. ai^a* 

[0 10 9] 09x:ff, 06iC^tfltigT?^ nSG a N 

17 1±ldnSAlGaNi7 2*5<tt5InGaNl7 
3#JKiaB*S*U InGaNl7 3ilc7yK^ 
GaN^^f7 4HLTplS i CI75« 
£*vr^6 0 r<E>*g\ InGaNl7 3*)J;t;GaN 
^■^7^174^700-95 0 'COfigfiiaft-e^^ 
U pSS i CI 7 5 1 3 0 0 - 1 5 0 0t(7)MM 
ST?^j5g-r^o r<7>09I^V^Tfc. : InGaNl73l 
\CT^ K— ^Ga N^rY2/^Jl7 4^^^TV^ 

30 <DT\ InGaNl73^I n ^0«^7n*^ 5 flK^rT 

[0 110] */c, H7-OHm nlS i CMS 1 
±\C1 nGaN|8 2 tl* I nGaNl8 2_b 
i^7yK^GaN^rt7^l8 3^UplS i 
CM8 41>mtfL&tlX^Z> a I(7)^fc, InGaN 

18 2*5J;tJ t T>' K^GaN^t7^i83$:70 
O-gsO^co^StaSTi^^L. pSSiGl84S: 
1 3 0 0-1 5 00<Dtf&iB&-ta&&+&*- wtD«te:te 
ivrfe. I n G a Nf 8 2 ±|C7> K-^G a N^rt : 

40 i/>>Ti8 3&J&l&&frX^Z>(DX, I nGaNl8 2^ 

[0 111] ±1SSBl^lll3co|8»«oj83t^*^K- 
50 [0 112] ±e»4-*6<OSOfc«(OiWflcu 
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im i ] *mm<n& i commK&nzzzyt^*- k 

[0 3] ^M<0*4^«ft«^lt5¥»#l^^* 
[04] ^W<0*5(0*JfcWcifelt*^#V^-lP* 

lias] *mw<nn6<Dmmmic&ftZ!m#iu~-?m 
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